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效药。随着基于 BAC 的 VZV 基因重组技术的发展以及 SCID-hu 人鼠嵌合动物
模型的建立和应用，对 VZV 基因及其蛋白的相关功能以及病毒与宿主间相互作
用关系的研究更为深入。其中，当 VZV 感染人胚肺成纤维细胞和人皮肤组织后，
宿主固有免疫系统中的 JAK-STAT3 信号通路被激活，使用小分子药物对 STAT3
蛋白磷酸化抑制后，发现 VZV 在细胞和人皮肤中的生长受到限制，表明 STAT3
的激活对 VZV 的复制十分重要。然而目前对 VZV 如何激活与调控 STAT3 信号
通路仍然缺乏认知，而对上述问题的探究，有助于解释 VZV 致病的分子机制。 
为此，本研究开展了以下工作：首先，Western blot 实验表明 VZV 的感染可
使 MRC-5 和 HFF-1 细胞中 STAT3 蛋白发生磷酸化，在此基础上通过分别使用药
物抑制病毒蛋白合成，使用 UV 照射损伤病毒 DNA 的方式，最终确定 STAT3 的
激活是由 VZV 自身蛋白的表达引起；随后构建部分 VZV 蛋白真核表达质粒，并
分别与 STAT3 荧光素酶报告基因质粒共转染 293T 细胞，对荧光信号读值分析后
筛选得到了能够激活 STAT3 的病毒蛋白，即 VZV 立即早期蛋白 IE62。当 IE62
在 293T 细胞中单独表达时，Western blot 结果显示，STAT3 蛋白即可被激活并发
生磷酸化，同时 RT-PCR 检测发现 IE62 可上调 STAT3 下游的特异基因 SOCS3 
mRNA 的表达，这些结果均表明 IE62 可激活整个 STAT3 信号通路。进一步研究
发现，通过对 STAT3 上游激酶 JAKs 使用 RNA 沉默技术，初步证实了 IE62 介导
的 STAT3 信号通路的激活依赖于 JAK1 激酶。同时，分别通过使用 ORF66 磷酸
化 IE62 改变其细胞核定位，以及表达 IE62 核定位信号突变蛋白，结果发现当















IE62 的核定位有关。此外，本研究还对 IE62 在 293T 细胞中单独存在时可能引
起的整个细胞基因组转录水平的变化进行了高通量测序分析，发现共有 256 个基
因的表达有差异变化，其中 7 个基因的表达差异十分显著。最后，本研究利用荧
光素酶报告基因系统发现 IE62 同样可以激活 STAT1 与 STAT2，但对 IE62 介导
激活的机制是否与 STAT3 相同，还有待于下一步实验的探索。 
综上所述，本研究证实 VZV 感染细胞后可以使 STAT3 发生磷酸化，通过对
VZV 部分蛋白进行筛选，发现 VZV 立即早期蛋白 IE62 能够激活 STAT3，并促
使 STAT3 下游基因的表达；进一步研究初步发现 IE62 介导的 JAK-STAT3 信号
通路的激活依赖于 JAK1 激酶，同时表明 STAT3 的激活与 IE62 的核定位有关。
最后对 IE62 引起的细胞基因转录水平的变化进行了分析，并证实了 IE62 同样可
以激活 STAT1 与 STAT2。上述结果对 IE62 介导的 STAT3 信号通路的激活与调
控进行了较为初步的探究，为更加深入的解释 VZV 致病的分子机制奠定了基础。 
 

















Varicella-zoster virus (VZV) causes chickenpox (varicella) and shingles (herpes 
zoster, HZ). Chickenpox is caused by primary infection with VZV, which can establish 
long-term latency in the host ganglia. In older and immunocompromised hosts, the virus 
can be reactivated to cause shingles, which may impact the quality of life. Currently, 
the VZV-induced diseases are lack of any specific treatment. Recent advances in 
bacterial artificial chromosome (BAC) technology and humanized SCID mouse model 
have greatly facilitated studies on functions of VZV genes and their products, virus-
host interactions in VZV pathogenesis. A previous study showed that VZV infection 
can trigger STAT3 phosphorylation in human embryonic lung fibroblasts (HELF) in 
vitro and in human skin xenografts in SCID mice in vivo; moreover, small-molecule 
inhibitors of STAT3 phosphorylation restrict VZV replication in vitro, and also impair 
the VZV infection of skin xenografts in vivo. These results indicated that activation of 
STAT3 is required for the VZV replication. However, the mechnaism of activation and 
regulation of the JAK-STAT3 signaling pathway in the host cell by VZV remain obscure. 
The exploration of these questions could improve our understanding of VZV 
pathogenesis. 
In this study, phosphorylation of STAT3 was firstly verified in VZV-rOka infected 
MRC-5 and HFF-1 cells. Then, by inhibiting viral protein synthesis and UV-induced 
DNA damage, it was confirmed that the phosphorylation of STAT3 was caused by the 
expression of VZV viral proteins. Next, to identify which VZV protein could activate 
STAT3, part of VZV proteins have been screened using a STAT3 luciferase reporter 
assay in 293T cells; the results showed that VZV immediate-early protein 62 (IE62) can 
activate STAT3. Subsequently, phosphorylated STAT3 were detected by western 
blotting, and the mRNA levels of downstream genes of the STAT3 pathway were shown 
to be upregulated by RT-PCR when IE62 was expressed alone after transient 
transfection of 293T cells. These results suggested that IE62 can activate the whole 















demonstrated that JAK1 kinase was required for the IE62-mediated activation of 
STAT3 in a cell-based luciferase assay. On the other hand, it was shown that IE62-
mediated of STAT3 can be inhibited by co-expression of VZV ORF66 kinase and 
mutation of the nuclear localization signal of IE62. It was, therefore, presumed that 
nuclear localization of IE62 was associated with its function in STAT3 activation. In 
addition, using high-throughput transcript sequencing (RNA-seq), differences in 
expression of 256 genes, seven of which showed dramatic and highly significant 
differences, were observed between IE62-expressing 293T cells and mock-transfected 
control ones. Finally, it was found that STAT1 and STAT2 can also be activated by IE62 
expression using an ISRE luciferase reporter assay. However, whether the mechanism 
of IE62-mediated activation of STAT1 and STAT2 is same as that of STAT3 should be 
further studied in the future. 
In conclusion, this research confirmed the phosphorylation of STAT3 in VZV-
infected MRC-5 and HFF-1 cells in vitro. IE62 was verified to be able to trigger STAT3 
activation after screening part of VZV proteins. Further studies showed that IE62-
mediated activation of STAT3 signaling pathway was JAK-1-dependent, and the 
activation of STAT3 may be related to the nuclear localization of IE62. Finally, effects 
of IE62 expression on cellular genome expression was analyzed. In addition, STAT1 
and STAT2 were also found to be activated by IE62. Overall, the present study provided 
a prelimilary evidence for the activation and regulation of JAK-STAT3 signaling 
pathway by VZV IE62, and laid the foundation for a better understanding of VZV 
pathogenesis in future. 
 




















ARPE：acute retinal pigment epithelial cell，急性视网膜色素上皮细胞 
BAC：bacterial artificial chromosome，细菌人工染色体 
bp：base pair，碱基对 






DRG：dorsal root ganglion，背根神经节 
EBV：Epstein-Barr virus，埃-巴二氏病毒（EB 病毒） 
EDTA：ethylene diamine tetraacetic acid，乙二胺四乙酸 
FBS：fetal calf serum，胎牛血清 
FITC：fluorescein isothiocyanate，异硫氰酸荧光素 
HHV：human herpesvirus，人类疱疹病毒 
HRP：horse radish peroxidase，辣根过氧化物酶 
HSV：human simplex virus，人类单纯疱疹病毒 
HZ：herpes zoster，带状疱疹 





















kD：kilo Daltons, 千道尔顿 
KSHV：Kaposi’s sarcoma-associated herpesvirus，卡波西氏肉瘤病毒 
Luc：luciferase，荧光素酶 
MHC：major histocompatibility complex，主要组织相容复合体 
mRNA：messenger RNA，信使 RNA 
ORF：open reading frame，开放阅读框 
PAGE：polyacrylamide gel electrophoresis，聚丙烯酰胺凝胶电泳 
PCR：polymerase chain reaction，聚合酶链式反应 
PEI：Polyethylenimine，聚乙烯亚胺 
SCID：severe combined immunodeficiency，重度联合免疫缺陷 
SDS：sodium dodecyl sulfate，十二烷基硫酸钠 
SOCS：Suppressors of cytokine signaling，信号通路抑制因子 
STAT：Signal transducers and activators of transcription，信号转导与转录激活因子 
TBK：Tank-binding kinase，TANK 结合激酶 





























图 1.1 水痘和带状疱疹[4, 5] 
Fig. 1.1 Varicella (chickenpox) and herpes zoster[4, 5] 
当病毒初次感染人体时，首先感染呼吸道上表皮细胞，随后蔓延至扁桃体和



















Degree papers are in the “Xiamen University Electronic Theses and Dissertations Database”. Full
texts are available in the following ways: 
1. If your library is a CALIS member libraries, please log on http://etd.calis.edu.cn/ and submit
requests online, or consult the interlibrary loan department in your library. 
2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn for delivery details.
厦
门
大
学
博
硕
士
论
文
摘
要
库
